T and NBD8, isolated from Noni (Morinda citrifolia L.) branch were investigated using a polyphasic taxonomic approach. Cells were Gramstain-negative, aerobic, non-spore-forming, non-motile and short rod-shaped. Phylogenetic analysis based on 16S rRNA gene sequences suggested that the strains were members of a novel species of the genus Sphingomonas, the seven closest neighbours being Sphingomonas oligoaromativorans SY-6 T (96.9 % similarity), Sphingomonas polyaromaticivorans B2-7 T (95.8 %), Sphingomonas yantingensis 1007 T (94.9 %), Sphingomonas sanguinis IFO 13937 T (94.7 %), Sphingomonas ginsenosidimutans Gsoil 1429 T (94.6 %), Sphingomonas wittichii RW1 T (94.6 %) and Sphingomonas formosensis CC-Nfb-2 T (94.5 %). Strains NBD5 T and NBD8 had sphingoglycolipid, phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol and phosphatidylcholine as the major polar lipids, ubiquinone 10 as the predominant respiratory quinone, and sym-homospermidine as the major polyamine. Strains NBD5 T and NBD8 were clearly distinguished from reference type strains based on phylogenetic analysis, DNA-DNA hybridization, fatty acid composition data analysis, and comparison of a range of physiological and biochemical characteristics. It is evident from the genotypic and phenotypic data that strains NBD5 T and NBD8 represent a novel species of the genus Sphingomonas, for which the name Sphingomonas morindae sp. nov. is proposed. The type strain is NBD5 T (5DSM 29151
Two yellow bacterial strains, designated NBD5
T and NBD8, isolated from Noni (Morinda citrifolia L.) branch were investigated using a polyphasic taxonomic approach. Cells were Gramstain-negative, aerobic, non-spore-forming, non-motile and short rod-shaped. Phylogenetic analysis based on 16S rRNA gene sequences suggested that the strains were members of a novel species of the genus Sphingomonas, the seven closest neighbours being Sphingomonas oligoaromativorans SY-6 T (96.9 % similarity), Sphingomonas polyaromaticivorans B2-7 T (95.8 %), Sphingomonas yantingensis 1007 T (94.9 %), Sphingomonas sanguinis IFO 13937 T (94.7 %), Sphingomonas ginsenosidimutans Gsoil 1429 T (94.6 %), Sphingomonas wittichii RW1 T (94.6 %) and Sphingomonas formosensis CC-Nfb-2 T (94.5 %). Strains NBD5 T and NBD8 had sphingoglycolipid, phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol and phosphatidylcholine as the major polar lipids, ubiquinone 10 as the predominant respiratory quinone, and sym-homospermidine as the major polyamine. Strains NBD5 T and NBD8 were clearly distinguished from reference type strains based on phylogenetic analysis, DNA-DNA hybridization, fatty acid composition data analysis, and comparison of a range of physiological and biochemical characteristics. It is evident from the genotypic and phenotypic data that strains NBD5 T and NBD8 represent a novel species of the genus Sphingomonas, for which the name Sphingomonas morindae sp. nov. is proposed. The type strain is NBD5 T (5DSM 29151 The genus Sphingomonas belongs to the family Sphingomonadaceae, and comprises, at the time of writing, 89 recognized species (www.bacterio.net); nearly 20 species of the genus have been reclassified as members of other genera. The genera Sphingobium, Novosphingobium and Sphingopyxis were proposed to clarify the taxonomic position of some species previously classified within the genus Sphingomonas (Takeuchi et al. 2001) . The isolation origins of Sphingomonas species are very diverse including hospital respirator (Holmes et al., 1977) , soil (Chen et al., 2011; Han et al., 2014; Huang et al., 2014; Kim et al., 2014; Margesin et al., 2012; Niharika et al., 2012; Son et al., 2013; Yi et al., 2010; Zhang et al., 2010) , air (Kim et al., 2014) , freshwater (Chen et al., 2013a, b; Luo et al., 2012) and rice paddy (Chung et al., 2011) . A few strains have been isolated from plant roots (Takeuchi et al., 1995) , and some Sphingomonas strains were found to reside on plant tissues (Kim et al., 1998) .
Noni (Morinda citrifolia L.) is a member of the plant family Rubiaceae, and grows in tropical and subtropical zones. Noni, which originated from Polynesia, Australia and some Pacific islands, is locally known as 'magical fruit' and has been used as a traditional medicine and food for centuries (Su et al., 2005 Strains NBD5 T and NBD8 were isolated from inner tissue of healthy Noni branches as Noni endophytes. The strains were maintained on nutrient agar (NA) plates after incubation at 30 8C for 72 h. Motility was determined by the hangingdrop method (Skerman, 1967) . Gram-staining was performed as described by Gerhardt et al. (1994) . The harvested cells were washed twice in 0.1 M PBS buffer (pH 7.2) and fixed using 2.5 % glutaraldehyde at 4 8C. Cells of overnight fixed cultures were washed three times in 0.1 M PBS buffer (pH 7.2) and dehydrated using a graded ethanol series (50, 70, 85 and 95 % ethanol once and 100 % ethanol three times). The samples were then critical point dried with CO 2 (BAL-TEC CPD030) and using a metal-spraying apparatus (BAL-TEC SCD005). Cell morphology and size were observed by scanning electron microscopy (Quanta 200; JEOL). Oxidase and catalase activity, and H 2 S production were determined according to Huang et al. (2014) . Carbon source utilization and enzyme activities were tested by using the API 20NE, API 50CH and API ZYM kits (all bioMérieux) according to the manufacturer's instructions. API 20NE and API 50CH profiles were investigated, and these tests (three repetitions each) were performed at 30 8C for 48 h, while API ZYM tests were read after 4 h of incubation at 37 8C.
Preparation of genomic DNA was carried out according to the method of Marmur (1961) . The G+C content of the DNA was determined using the thermal denaturation method (Marmur & Doty, 1962) with DNA from Escherichia coli K-12 as a control. The 16S rRNA gene was PCR-amplified using the universal primers 27F (59-AGAGTTTGATCCTGGCTCAG-39) and 1492R (59-GGTTACCTTGTTACGACTT-39) (Lane, 1991) . The amplified products were purified and cloned into vector Top10 (Tiangen) for sequence determination carried out using an automated DNA sequencer (model ABI 3730; Applied Biosystems). The sequencing primers were SP6 (59-ATTTAGGTGACACTATAGAATAC-39) and T7 (59-TAATACGACTCACTATAGGG-39). The 16S rRNA gene sequences of strains NBD5
T and NBD8 and those of the type strains of Sphingomonas species retrieved from GenBank were aligned using the program CLUSTAL X v1.8 (Thompson et al., 1997) . A distance matrix method (with distance options according to Kimura's two-parameter model; Kimura, 1983) , including clustering using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Eck & Dayhoff, 1966; Fitch, 1971) methods from the program MEGA 5 (Tamura et al., 2011) were used to infer phylogenetic evolutionary trees ( Fig. 1 ; see also Fig. S1 , available in the online Supplementary Material). The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to the branches (Felsenstein, 1985) . Cells of strains NBD5
T and NBD8 and the type strains of reference species of the genus Sphingomonas grown on tripticase soy agar (TSA) with the same physiological age were used in the comparisons. Fatty acid methyl esters were extracted, separated and identified according to the instructions of the Microbial Identification System (MIDI; Microbial ID).
Freeze-dried cells (100 mg) were treated with chloroform/ methanol (2 : 1, v/v) overnight to extract isoprenoid quinones. Preparative TLC was performed using Kieselgel 60 F 254 plates (20620 cm, 0.5 mm thick; Merck) with petroleum ether/diethyl ether (9 : 1, v/v) as the solvent. The resulting bands were scraped from the plate under shortwavelength UV light, re-dissolved in acetone. Finally the quinone profile was analysed using reversed-phase HPLC (LC20AD system; Shimadzu) with an ODS-2 C18 column (15064.6 mm; Phenomenex) and a UV detector at 270 nm. Polar lipids were extracted, separated using twodimensional TLC and identified according to published procedures (Komagata & Suzuki, 1987) . Polyamines were extracted from 100 mg of lyophilized cells according to the methods described by Busse et al. (1997) and sequentially benzoylated according to the methods described by Taibi et al. (2000) . Analysis of polyamines was performed by using a reversed-phase HPLC system equipped with a UV detector (234 nm) (Series 20 HPLC; Shimadzu) and Watcher 120 ODS-AP column (25064.6 mm i.d., 5 mm particle size) (Isu Industry).
Cells of strains NBD5
T and NBD8 were Gram-stain-negative, aerobic, non-spore-forming, non-motile and short rod-shaped, and were able to grow at 15-42 8C, at pH 5.0-10.0 and with 0-5.0 % (w/v) NaCl on NA. Optimal growth was observed at 30 8C, at pH 7.0 and with 0.5 % (w/v) NaCl. The organisms were also able to grow on Luria-Bertani (LB) agar (per litre: 10 g casein peptone, 5 g yeast extract and 10 g NaCl; pH 7.0), NA (Landbridge) and TSA (Landbridge).
The G+C content of the genomic DNA of strains NBD5 T and NBD8 was 67.6 and 67.8 mol%, respectively, values that are similar to those of other type strains of species in the genus Sphingomonas (Table 1 ). The 16S rRNA gene sequences of strains NBD5
T and NBD8 were respectively a continuous stretch of 1446 and 1447 bp. Sequence similarity calculations (over 1400 bp) indicated that strains NBD5 T and NBD8 were related most closely to Sphingomonas oligoaromativorans SY-6 T (96.9 % similarity), and shared sequence similarities of 94.5-95.8 % with other members of the genus Sphingomonas, including Sphingomonas polyaromaticivorans B2-7 T (95.8 %), Sphingomonas yantingensis 1007 T (94.9 %), Sphingomonas sanguinis IFO 13937 T (94.7 %), Sphingomonas ginsenosidimutans Gsoil 1429 T (94.6 %), Sphingomonas wittichii RW1 T (94.6 %) and Sphingomonas formosensis CC-Nfb-2 T (94.5 %). Based on the results of the phylogenetic analysis, low levels of sequence similarity were found between strains NBD5 T and NBD8 and their closest related type strains ( Fig. 1 and  Fig. S1 ). and S. formosensis CC-Nfb-2 T using the method described by Ezaki et al. (1989) . The results indicated a high level of relatedness between strains NBD5
T and NBD8 (93 %), and low levels of relatedness between strain NBD5
T and its closest phylogenetic neighbours, S. oligoaromativorans SY-6 T (61 %), S. polyaromaticivorans B2-7 T (52 %), S. yantingensis 1007 T (46 %), S. sanguinis IFO 13937 T (52 %), S. ginsenosidimutans Gsoil 1429 T (48 %), S. wittichii RW1 T (26 %) and S. formosensis CC-Nfb-2 T (60 %). These values are clearly below the 70 % cut-off point recommended for the assignment of strains to the same genomic species (Wayne et al., 1987) .
The results of physiological characterization are given in the species description and in Table 1 ; S. oligoaromativorans SY-6 T , S. polyaromaticivorans B2-7 T , S. yantingensis 1007 T , S. sanguinis IFO 13937 T , S. ginsenosidimutans Gsoil 1429 T , S. wittichii RW1 T and S. formosensis CC-Nfb-2 T were tested in this study for comparison. Strains NBD5 T and NBD8 were positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, trypsin, acid phosphatase, a-galactosidase, b-galactosidase, a-glucosidase, b-fucosidase and naphthol-AS-BI-phosphohydrolase. Differences in physiological characterization between strains NBD5 T and NBD8 and the type strains of Sphingomonas species are detailed in Tables 1 and S1 .
The fatty acid profiles of strains NBD5
T and NBD8 are shown in Table S1 . The major fatty acids of strain NBD5 T were summed feature 8 (comprising C 18 : 1 v7c and/or C 18 : 1 v6c) (54.41 %) and C 16 : 0 (12.83 %), C 14 : 0 2-OH (9.66 %) was the major 2-hydroxy fatty acid and 3-hydroxy fatty acids were absent. This profile is similar to those of the three type strains compared in this study, although there were differences in the proportions of some fatty acids. The main polar lipids were sphingoglycolipid, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylcholine and phosphatidylethanolamine (Fig. S2) . Ubiquinone 10 was the predominant respiratory quinone, and the major polyamine was sym-homospermidine.
Based on the combination of morphological, physiological, chemotaxonomic and phylogenetic data discussed here, it is evident that strains NBD5
T and NBD8 belong to the genus Sphingomonas. However, strains NBD5
T and NBD8 
Sphigomonas morindae NBD8 (KJ934257)
Sphingomonas oligoaromativorans SY-6 T (FJ434127)
Sphingomonas dokdonensis DS-4 T (DQ178975)

Sphingomonas polyaromaticivorans B2-7 T (EF467848)
Sphingomonas formosensis CC-Nfb-2 T (HM193517)
Sphingomonas wittichii RW1 T (CP000699)
Sphingomonas histidinilytica UM2 T (EF530202)
Sandaracinobacter sibiricus RB16-17 T (Y10678)
Sphingomonas pseudosanguinis G1-2 T (AM412238) Fig. 1 . Phylogenetic tree showing the relationships of the novel strains to closely related species within the genus Sphingomonas; the type strain of Sandaracinobacter sibiricus was used as an outgroup. The tree was based on an alignment of almost-complete 16S rRNA gene sequences and reconstructed using the neighbour-joining method (Saitou & Nei 1987) . The phylogenetic tree was produced following bootstrap resampling of 1000 datasets. Numbers at nodes indicate the percentages of bootstrap support based on a neighbour-joining analysis of 1000 resampled datasets. Bar, 0.01 substitutions per nucleotide position. T . All data were generated in this study, except for the DNA G+C content of S. oligoaromativorans SY-6 T (data from Han et al., 2014) , S. polyaromaticivorans B2-7 T (Luo et al., 2012) , S. yantingensis 1007 T (Huang et al., 2014) , S. sanguinis IFO 13937 T (Takeuchi et al., 1993) , S. ginsenosidimutans Gsoil 1429 T (Choi et al., 2010) , S. wittichii RW1 T (Yabuuchi et al., 2001 ) and S. formosensis CC-Nfb-2 T (Lin et al., 2012 ). All nine strains tested positive for the following: activity of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, trypsin and acid phosphatase. All were negative for the following: activity of a-mannosidase, urease, gelatinase and arginine dihydrolase; production of indole; acid production from glucose; assimilation of mannitol, capric acid and phenylacetic acid; utilization of D-ribose, methyl b-D-xyloside, 2-ketogluconate, inulin, glycogen, D-arabitol, 5-ketogluconate, erythritol, mannitol, N-acetylglucosamine, xylitol, D-tagatose, L-xylose, sorbitol, adonitol, dulcitol, starch and inositol. All strains were positive for catalase and H 2 S production. +, Positive; 2, negative; W, weakly positive.
Characteristic
Oxidase
Activity of (API ZYM):
Assimilation of (API 20NE): T ), and the presence of a small amount (¢1 %) of C 17 : 0 (except for S. oligoaromativorans SY-6 T ). Phylogenetic distinctiveness could also distinguish the two novel strains from previously described species of the genus Sphingomonas. On the basis of the data described above, the two strains represent a novel species of the genus Sphingomonas, for which the name Sphingomonas morindae sp. nov. is proposed.
Description of Sphingomonas morindae sp. nov.
Sphingomonas morindae [mo.rin9dae. N.L. gen. n. morindae pertaining to Morinda citrifolia (Noni), from which the type strain was isolated].
Cells are Gram-stain-negative, aerobic, non-spore-forming, non-motile and short rod-shaped, about 0.5-0.7 mm in width and 1.0-1.5 mm in length (Fig. S3) . Cells are able to grow on LB agar, NA and TSA. Colonies grown on NA at 30 uC are yellow, circular, convex, smooth, shiny, with entire edges, and approximately 1.0-2.0 mm in diameter after 3 days of incubation. The optimal temperature for growth is 30 uC. Growth occurs at 15-42 uC, but not at 4 uC. The optimal pH for growth is 7.0; growth occurs at pH 5.0-10.0. Growth occurs in the presence of 0-5.0% (w/v) NaCl; optimal growth occurs in the presence of 0.5% (w/v) NaCl. Positive for oxidase, catalase and H 2 S production. Negative for nitrate reduction, indole production, gelatin hydrolysis and acid production from glucose. Positive in API ZYM enzyme reactions for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, trypsin, acid phosphatase, a-galactosidase, b-galactosidase, a-glucosidase, b-fucosidase and naphthol-AS-BI-phosphohydrolase. Major fatty acids are summed feature 8 (comprising C 18 : 1 v7c and/or C 18 : 1 v6c) and C 16 : 0 ; C 14 : 0 2-OH is the major hydroxyl fatty acid. The main polar lipids are sphingoglycolipid, phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol and phosphatidylcholine. Ubiquinone 10 is the predominant respiratory quinone, and the major polyamine is sym-homospermidine.
The type strain, NBD5 T (5DSM 29151 T 5KCTC 42183 T 5CICC 10879 T ), was isolated from Noni (Morinda citrifolia L.) branches collected from a Noni cultivation field in Sanya, Hainan Province, South China. The DNA G+C content of the type strain is 67.6 mol%. NBD8, isolated from a similar source, is a second strain of the species. 
